Neither the prevalence of sleep disturbance nor its association with fatigue and overall survival (OS) are well understood for patients with myelodysplastic syndromes (MDS). New patients at our institution (n = 251; 2006-2014) completed the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire, which includes questions about sleep and fatigue. Fifty-three per cent reported at least 'a little' trouble sleeping. In multivariable models, anaemia and sleep disturbance were associated with fatigue (both P < 0Á001). Additionally, in separate models, sleep disturbance (P = 0Á002) and fatigue (P = 0Á04) both predicted OS. Our data suggest that improving sleep quality may impact MDS-related fatigue and OS.
The myelodysplastic syndromes (MDS) are a heterogeneous group of haematopoietic stem cell neoplasms characterized by bone marrow failure and risk of progression to acute myeloid leukaemia. The life expectancy of patients with MDS is variably compromised, with disease characteristics at diagnosis -cytopenias, bone marrow blast burden, and genetics -driving standard MDS risk classification schemes for overall survival (OS) (Greenberg et al, 1997 (Greenberg et al, , 2012 . Patients at all levels of disease risk report that MDS negatively impacts their quality of life (QOL), with fatigue being the most prominent complaint (Jansen et al, 2003; Steensma et al, 2008) .
Fatigue in MDS has been attributed to symptomatic anaemia in the setting of a toxic milieu of inflammatory cytokines (Jansen et al, 2003; Meyers et al, 2005) . Unfortunately, neither the administration of disease-modifying drugs nor treatment of anaemia with erythropoiesis-stimulating agents and transfusions successfully improves QOL for all patients, suggesting that other factors may contribute to fatigue (Pinchon et al, 2009) . Recent work has demonstrated that severity of patient-reported fatigue is a stronger predictor of compromised QOL than anaemia in high-risk MDS patients, providing further evidence that factors beyond anaemia contribute to fatigue and impaired QOL for this population (Efficace et al, 2015a ). An additional finding that selfreported fatigue is a prognostic factor for OS beyond standard disease risk factors adds urgency to efforts to identify contributors to MDS-associated fatigue (Efficace et al, 2015b) .
Sleep disturbance is widely recognized to contribute to fatigue and impaired QOL in patients with other cancers (Palesh et al, 2010) . Additionally, an association between sleep disturbance and shortened OS has been documented in population-based cohorts, as well as in patients with cardiovascular disease (Li et al, 2014; Lallukka et al, 2016) . On the other hand, little is known about the potential contribution of sleep disturbance to compromised outcomes for blood cancers. We hypothesized that for patients with MDS, selfreported sleep disturbance -a potential target of medical intervention (Garland et al, 2014) -would be associated with fatigue even after controlling for anaemia, and would also be independently associated with survival.
Study design
Beginning in 2006, adult patients (≥18 years) with biopsyconfirmed MDS presenting for initial evaluation at the Dana-Farber Cancer Institute (DFCI) were eligible for enrolment into the Dana-Farber/Harvard Cancer Center (DF/ HCC) Leukemia Clinical Research Information System (CRIS) database; 85% of eligible patients consented to enrolment. Patients enrolled up to June 2014 were included in this analysis. The CRIS database includes clinical data from initial evaluation at DFCI, which was used to determine the original and revised International Prognostic Scoring System (IPSS and IPSS-R) score (Greenberg et al, 1997 (Greenberg et al, , 2012 (Aaronson et al, 1993) . The EORTC QLQ-C30 questionnaire is a copyrighted instrument; a sample is available for academic download at: http://groups.eortc.be/qol/eortcqlq-c30. The QLQ-C30 includes a 3-item subscale for measuring fatigue in cancer (lower score is better) and a single item question, 'Have you had trouble sleeping?', that measures sleep disturbance. Patients with incomplete clinical data were excluded from analysis.
We created multivariable models to characterize (i) the association of self-reported sleep disturbance with selfreported fatigue, controlling for patient/clinical covariates including anaemia (haemoglobin <100 g/l), and (ii) the association of self-reported sleep disturbance with OS, controlling for patient/clinical covariates (Supplementary Methods). Study methods were approved by the DF/HCC Office for Human Research Studies.
Results and discussion
Of 303 patients with MDS who completed the baseline survey, 251 patients had baseline clinical data sufficient for inclusion (Table I ). For the QLQ-C30 item 'Have you had trouble sleeping?' 53% of patients reported some level of sleep disturbance by selecting an answer other than 'not at all'. IPSS cytogenetic risk category and haemoglobin <100 g/l were not significantly associated with sleep disturbance, but higher comorbidity index was (P < 0Á001). Components of the comorbidity index independently associated with sleep disturbance include congestive heart failure, peripheral vascular disease, cerebrovascular disease, and renal disease (Table SI) . The mean fatigue score was 35Á4 [standard deviation (SD) 26Á9; median = 33Á3; interquartile range (IQR) = 11Á1-55Á6]. Among clinical factors, self-reported sleep disturbance, comorbidity and haemoglobin were strongly associated with fatigue (all P < 0Á005, Table II), with the two former factors exhibiting a clear dose-response relationship with increased fatigue (Spearman's r of 0Á21 and 0Á43, respectively). In multivariable models, sleep disturbance and haemoglobin <100 g/l were independently associated with increased fatigue (both P < 0Á001; Tables II, SII) . Importantly, reporting 'a little' sleep disturbance compared to 'not at all' had a similar effect size with respect to increase in fatigue score (12Á5 points) as having a haemoglobin <100 g/l compared to ≥100 g/l (14Á4 points).
Median follow-up was 29 months; 150 of 251 patients died. In separate multivariable models, both self-reported sleep disturbance (P = 0Á002) and fatigue (P = 0Á04) were independently associated with OS. Presence of 'very much' sleep disturbance, in particular, was associated with an increased hazard of death [Hazard ratio (HR) 2Á95, 95% confidence interval (CI) 1Á61-5Á42] while the HR for a SD (i.e. 27 point) increase in fatigue was 1Á20 (95% CI 1Á01-1Á41). Sleep disturbance and fatigue severity had similar discriminative enhancements compared to a model with standard covariates alone (IPSS-R, comorbidity index, gender), although these were modest (bootstrap-corrected c-statistic: 0Á701 for standard covariates, 0Á702 for standard covariates plus fatigue severity, 0Á704 for standard covariates plus sleep disturbance; Table SIII ). 
SD, standard deviation; CI, confidence interval; IPSS-R, Revised International Prognostic Scoring System. *For descriptive statistics, the mean (SD) fatigue symptom score is summarized by age categorized as <60 years, 60-70 years and >70 years. In the statistical analyses, age was entered as a continuous variable with the mean difference presented for each 10-year increase in age.
Self-reported sleep disturbance was common in this MDS population, present in the majority (53%) of patients surveyed. Notably, sleep disturbance was not significantly associated with disease risk or haemoglobin level, illustrating that this pervasive symptom is not limited to specific subsets of this heterogeneous disease. On the other hand, we found sleep disturbance to be more prevalent in those with more non-MDS comorbidities.
We demonstrate that sleep disturbance may be an important predictor of fatigue even when controlling for comorbidity, anaemia, and other measures of disease risk (blast burden, cytogenetics). We also found that sleep disturbance was independently associated with worse OS after controlling for standard prognostic variables and comorbidity. Although the casual mechanism by which sleep disturbance may impact OS in MDS cannot be determined from this study, the role of sleep in promoting tumour growth is being increasingly recognized (Owens et al, 2016) . In animal models of intermittent hypoxaemia, cancer cells have shown accelerated growth. Even absent intermittent hypoxaemia, sleep fragmentation has been associated with tumour growth in the laboratory. Finally, MDS cell colonies demonstrate enhanced growth in hypoxic conditions, a phenomenon not seen in acute or chronic myeloid leukaemia colonies (Thompson et al, 2007) .
Our analysis is consistent with the findings of two recent European studies which demonstrated that in higher-risk MDS patients, patient-reported fatigue was a better predictor of worse QOL than other typically assessed measures (including performance status and haemoglobin), and had independent prognostic value for survival beyond standard MDS risk systems (Efficace et al, 2015a,b) . Our study confirms that self-reported fatigue contributes prognostic value independent of the IPSS-R for patients of all levels of disease risk. Moreover, by identifying a strong association between sleep disturbance and fatigue, our data suggest that sleep disturbance is a potential target of intervention to improve MDS-related QOL and potentially lengthen OS.
There are limitations to our analyses. First, we focus on patient-reported outcomes from a single centre. On the other hand, our methods include community-based patients with MDS presenting to tertiary care for the first time and a variety of risk groups. Second, we did not include a multi-item measure of sleep, instead relying on a single question on the QLQ-C30. We do note, however, that although the question regarding sleep disturbance and the 3-item fatigue assessment are both included in the QLQ-C30, they are analysed separately in our survival analyses, following methods used in prior MDS QOL analyses (Efficace et al, 2015a,b) . Still, sleep disturbance was assessed by self-report, rather than directly via polysomnography or other methods that could more precisely characterize the nature of sleep disruption. Third, anaemia and disordered iron signalling may themselves be associated with confounding physiological derangements -such as restless leg syndrome -that lead to poor sleep quality. Finally, we defined anaemia as a haemoglobin of <100 g/l, although some patients experience anaemia-related fatigue at higher levels.
The association we found between sleep disturbance and OS is novel for patients with haematological malignancies and deserves further attention. Awareness of the role of sleep disturbance in patients with cancer is increasing, and several investigations have suggested that management of sleep disturbance can improve QOL (Palesh et al, 2010) . Correction of anatomical causes, such as obstructive sleep apnoea, may be particularly important, as this co-morbidity is common in older patients, particularly men (who are, in turn, more likely to develop MDS). Depending on the underlying cause of disordered sleep, pharmacological and behavioural interventions may be helpful, and formal sleep studies to characterize the nature of sleep disturbance in patients with MDS can focus treatment approaches. Moreover, our analysis suggests that further study of the contribution of sleep disturbance to QOL and OS outcomes in MDS is warranted, including assessment of specific interventions to ameliorate it.
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